Heat Treatment of the Adzuki Bean Borer, Ostrinia scapulalis Infected with Wolbachia gives Rise to Sexually Mosaic Offspring by Sakamoto, Hironori et al.
Heat treatment of the adzuki bean borer, Ostrinia scapulalis
infected with Wolbachia gives rise to sexually mosaic offspring
Hironori Sakamoto1,a, Daisuke Kageyama2,b, Sugihiko Hoshizaki1,c and Yukio Ishikawa1,d
1 Graduate School of Agricultural and Life Sciences, The University of Tokyo, Yayoi 1-1-1, Bunkyo-ku, Tokyo
113-8657, Japan
2 National Institute of Agrobiological Sciences, Owashi 1-2, Tsukuba, Ibaraki 305-8634, Japan
Abstract
:/A3?;/99F7;63?7A327;A?/1399B9/?0/1A3?7B: Wolbachia1/B@3@?3=?<2B1A7C3/9A3?/A7<;@7;7A@/?A6?<=<26<@A@;A63
/2GB8703/;0<?3? Ostrinia scapulalis ,/983?"3=72<=A3?/?/:072/3;/AB?/99F<11B??7;5 Wolbachia @3931A7C39F8799@
:/93=?<53;F)67@ Wolbachia @A?/7;/==3/?@A<6/C3/43:7;7G7;534431A@7;13/;A707<A71A?3/A:3;A<47;431A3243:/93
:<A6@57C3@?7@3A<:/93=?<53;FD7A6@3EB/99F:<@/71=63;<AF=3@A7@=?<=<@32A6/A:/93@=31747123/A6<11B?@
A6?<B56A6343:7;7G7;534431A/;2@3EB/9:<@/71@/?3=?<2B132D63;A67@34431A7@7;1<:=93A39F3E3?A323?3D3
3E/:7;32D63A63?A63A?3/A:3;A<47;431A3243:/93:<A6@D7A66756A3:=3?/AB?3@JJ<?JD67167@97839F
A<@B==?3@@A63/1A7C7AF<4 Wolbachia7;2B13@@3EB/99F:<@/71=?<53;FAD/@4<B;2A6/A355@9/72D7A67;
6/4A3?
A?3/A:3;A<4 Wolbachia7;431A32:<A63?@/AJ5/C3?7@3A<@3C3;@3EB/9:<@/71@/9<;5D7A6
;<?:/943:/93@)63
A7:39/503AD33;A?3/A:3;A/;2A63/==3/?/;13<4:<@/71=?<53;FD/@:B16@6<?A3?D7A663/AA?3/A:3;AA6/;
/;A707<A71A?3/A:3;A@B553@A7;5A6/A63/AA?3/A:3;A7@:<?3B@34B94<?@=<AA7;523C39<=:3;A/9A7:7;5D63; Wolbachia
3E3?A@7A@43:7;7G7;534431A<; O. scapulalis 3:0?F<@
Keywords: feminization, male killing, sex-specific lethality
Correspondence: ahirowol@yahoo.co.jp, bkagymad@affrc.go.jp, cahossy@mail.ecc.u-tokyo.ac.jp, dayucky@mail.ecc.u-tokyo.ac.jp
Received: 25 July 2007 | Accepted: 11 December 2007 | Published: 31 October 2008
Copyright: This is an open access paper. We use the Creative Commons Attribution 3.0 license that permits unrestricted use, provided that
the paper is properly attributed.
ISSN: 1536-2442 | Volume 8, Number 67
Cite this paper as:
Sakamoto H, Kageyama D, Hoshizaki S, Ishikawa Y. 2008. Heat treatment of the adzuki bean borer, Ostrinia scapulalis infected with Wolbachia
gives rise to sexually mosaic offspring. 5pp. Journal of Insect Science 8:67, available online: insectscience.org/8.67
Journal of Insect Science: Vol. 8 | Article 67 Sakamoto et al.
Journal of Insect Science | www.insectscience.org 1Introduction
 5?<B= <4 7;A?/1399B9/? 0/1A3?7/ 039<;57;5 A< A63 53;B@
Wolbachia 9/@@ 9=6/=?<A3<0/1A3?7/ 6/C3 033; 7@<9/A32
4?<: / D723 C/?73AF <4 /?A6?<=<2@ /;2 479/?7/9 ;3:/A<23@
,3??3; 	 <B?AG7@ /;2 %L$3799 	 (A<BA6/:3?
3A /9 	 37;5 A?/;@:7AA32 3E19B@7C39F 4?<: :<A63?@
A< <44@=?7;5 Wolbachia 7;1?3/@3@ 7A@ 47A;3@@ 0F /9A3?7;5 A63
?3=?<2B1A7C3 @F@A3:@ <4 A63 6<@A A6?<B56 C/?7<B@ :3/;@
@B16 /@ 1FA<=9/@:71 7;1<:=/A70797AF :/93 87997;5
43:7;7G/A7<; 7;2B1A7<; <4 =/?A63;<53;3@7@ /;2 <A63?@
,3??3; 	 (A<BA6/:3? 3A /9 	 6/?9/A 3A /9


; A63 /2GB87 03/; 0<?3? Ostrinia scapulalis "3=72<=A3?/
?/:072/3 ;/AB?/99F<11B??7;5 Wolbachia @3931A7C39F 8799
:/93 =?<53;F 2B?7;5 3:0?F<;71 /;2 9/?C/9 23C39<=:3;A
!/53F/:/ /;2 )?/BA 
 ;A3?3@A7;59F D63; Wolba-
chia-7;431A32 43:/93 :<A6@ D3?3 A?3/A32 D7A6 A3A?/1F197;3
=?7<? A< <C7=<@7A7<; A63F <4A3; =?<2B132 53;3A71/99F :/93
:<A6@ D7A6 @3EB/99F :<@/71 =63;<AF=3@ !/53F/:/ 3A /9

/ !/53F/:/ /;2 )?/BA 
 )67@ 47;27;5
23:<;@A?/A3@ A6/A A63 Wolbachia @A?/7; 7; O. scapulalis 6/@
/ 43:7;7G7;5 34431A <; 53;3A71 :/93@ !/53F/:/ /;2
)?/BA 
 =?<=<@32 A6/A A63 43:7;7G7;5 34431A B;23?
973@ A63 23/A6 <4 Wolbachia7;431A32 :/93@ /;2 @3EB/9 :<
@/71@ /?3 =?<2B132 D63; A67@ 34431A 7@ 7;1<:=93A39F
3E3?A32
A 7@ 8;<D; A6/A 7; C/?7<B@ 7;@31A @=3173@ ?3=?<2B1A7C3
:/;7=B9/A7<; @B16 /@ 1FA<=9/@:71 7;1<:=/A70797AF :/93
87997;5 /;2 =/?A63;<53;3@7@ 1/B@32 0F Wolbachia 1/; 03
@B==?3@@32 0F 6756 A3:=3?/AB?3@ 37A63? A6?<B56 27?31A
@B==?3@@7<; <4 A63 /1A7C7AF <4 Wolbachia <? A6?<B56 A63
@B==?3@@7<; <4 =?<9743?/A7<; <4 Wolbachia 7; 6<@A 1399@
)?=7@ 3A /9 		 <44:/; 3A /9 	 &7;AB?3/B 3A /9
	 B?@A 3A /9 
 
	 3?3 D3 3E/:7;32
D63A63? 6756 A3:=3?/AB?3 A?3/A:3;A@ <4 O. scapulalis 43
:/93 /2B9A@ 7;431A32 D7A6 Wolbachia 1/; 7;2B13 A63 =?<
2B1A7<;<4@3EB/99F:<@/71:<A6@
Materials and Methods
Insects
2B9A 43:/93@ <4 O. scapulalis D3?3 1<9931A32 /A #/A@B2<
670/  /=/; /;2 7;27C72B/99F /99<D32 A< 9/F 355@ 7; A63
9/0<?/A<?F Wolbachia 7;431A7<; 7; 1<9931A32 43:/93@ D/@
1631832 B@7;5 / 27/5;<@A71 =<9F:3?/@3 16/7; ?3/1A7<;
&' /@@/F B@7;5 =?7:3?@ @=317471 4<? Wolbachia 	( ?7
0<@<:/9 $ %L$3799 3A /9 	
 /@ 23@1?7032 =?3C7
<B@9F !/53F/:/ 3A /9 
0 )63 <44@=?7;5 <4 @7;593
Wolbachia7;431A32 /;2 B;7;431A32 43:/93@ D3?3 ?3/?32 A<
/2B9A@ <; / 1<::3?17/9 /?A74717/9 273A (798:/A3H 
#
$<@/; <?= DDD;<@/;1<: /A 

J B;23? / 	"
 )63@3 7;@31A@ D3?3 B@32 A< 3@A/097@6 / Wolbachia7;
431A32 :/A?797;3 #	 !/53F/:/ /;2 )?/BA 

/;2AD<B;7;431A32:/A?797;3@#
		/;2#
	
Heat treatment
)67?AF Wolbachia7;431A32 <? B;7;431A32 43:/93 :<A6@
D3?3 /99<D32 A< :/A3 D7A6  B;7;431A32 :/93@ 7; /
@1?33; 1/53 
 1: E 
 1: E 
 1: 4<? AD< 2/F@ 4A3?
:/93@ D3?3 ?3:<C32 A63 1/53@ D3?3 A?/;@43??32 7;A< 7;
1B0/A<?@ :/7;A/7;32 /A 

J 1<;A?<9 J J <?
J 4<? AD< 2/F@ /;2 @B?C7C/9 ?/A3@ D3?3 A63; 3E
/:7;32 (B?C7C7;5 43:/93 :<A6@ D3?3 7;27C72B/99F A?/;@
43??32 7;A< =9/@A71 1B=@ 	 1: 7; 27/:3A3? 
 1: 7;
23=A6 A< /99<D <C7=<@7A7<; /A 

J B;23? 	"  55@
D3?3 1<9931A32 2/79F /;2 9/?C/3 D3?3 ?3/?32 0F 0?<<2@
/;2 <C7=<@7A7<; 2/A3@ )63 =B=/3 =?<2B132 D3?3 @3E32
0F 3E/:7;7;5 A63 :<?=6<9<5F <4 A63 /02<:7;/9 A3?:7;/9
@35:3;A /;2 :72935 :/93@ 6/C3 9/?53? :72A707/3 A6/;
43:/93@ B;23? / @A3?3<:71?<@1<=3 /;2 A63; :/7;A/7;32
@3=/?/A39F 7; =9/@A71 1B=@ D7A6 / =7313 <4 :<7@A3;32 479A3?
=/=3?
Results
)63 :/A?797;3 #	 3E6707A32 A63 /9943:/93 A?/7A
D6716 D/@ @6<D; A< 03 2B3 A< A63 Wolbachia7;2B132
:/93 87997;5 !/53F/:/ /;2 )?/BA 
 ; :/A?797;3@
#
		 /;2 #
	 @3E ?/A7<@ 272 ;<A @75;7471/;A9F
23C7/A34?<:		
)63 @B?C7C/9 ?/A3@ <4 43:/93@ /4A3? 63/A A?3/A:3;A 23
1?3/@32 /@ A3:=3?/AB?3 ?<@3 )/093 	 $< @75;7471/;A 274
43?3;13 7; @B?C7C/9 ?/A3@ D3?3 23A31A32 03AD33; 7;431A32
/;2 B;7;431A32 43:/93@ /A /;F A3:=3?/AB?3 3E/:7;32 &


E

 A3@A
Table 1. Survival rates of female Ostrinia scapulalis after heat
treatment
Exposed temperature Survival rate
Infected
25ºC 0.90 (N = 60)
34ºC 0.70 (N = 60)
36ºC 0.28 (N = 60)
38ºC 0.00 (N = 60)
Uninfected
25ºC 0.85 (N = 60)
34ºC 0.65 (N = 60)
36ºC 0.33 (N = 60)
38ºC 0.00 (N = 60)
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Table 2. Sex ratio (female: male) of the progeny of
Wolbachia-infected and -uninfected Ostrinia scapulalis collected
daily as eggs after heat treatment.
Exposed temperature Eggs collected on
Day 1 Day 2 Day 3
Infected
25ºC (control) a 129:0 111:0 69:0
34ºC b 85:0 70:0 70:0
36ºC c 54:0 (+7d) 36:0 -
Uninfected
25ºC (control) e 96:90 80:78 50:37
34ºC f 66:78 54:54 42:31
36ºC g 78:72 40:42 9:7
aSum of 4 broods.
bSum of 4 broods (two females died by day 4).
cSum of 2 broods (two females died by day 3).
dSeven sexual mosaics appeared at the pupal stage. These mosaics
were excluded from the sex-ratio calculation.
eSum of 4 broods (one female died by day 3).
fSum of 4 broods (one female died by day 2 and two other females
died by day 4).
gSum of 4 broods (three females died by day 3 and another died by
day 4.
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